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(57)Abstract 

PURPOSE: To attenuate one of optical waves in the cavity of a ring laser without 
attenuating the opposite optical wave, by placing an optical output port at one end 
of a waveguide stem of a branch type waveguide coupler, placing optical input port 
at one end of two branches, and coupling an optical absorber with the other end. 
CONSTITUTION: An isolator 121 has an asymmetric multi-mode branch type 
waveguide coupler 56 having a tapered waveguide section 55 having an aperture 
angle a. A first branch 57 of this coupler 56 is coupled with an optical absorber 54. 
The terminal end of a second branch 58 is coupled with an input port 95. A third 
end of the coupler 56, i.e., the end of a waveguide stem 60 is coupled with an 
output port 96 of the isolator 121. All these elements are integrated on the same 
substrate 59. 
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i§S<t L.-CmiSft-CVSU-?' • ^-f*- F6 3©:3fcfi!(tti 
SB#8 2«. U— !f 6 StCtOam^ft^^^^aS© 30 

#*9s#6 i^oimmic&^-rztcebicmm&mi 1 k 
^ij^ftr^So 

[003 5] U— 9* • #V *- FSt«£i£8g©II?>Kco 

i»-c©Bfflw. m«;fc©:S3ftfc^3ft-ri,»*. 

[0 0 3 6] 3-D ^^aili EP-A 0.40 
2,556 

3-av/N-#frfclilia 9 1 8 1 0 74 2.6 
Electronics Letters, Vol.26, No. 2, January 1990, p 
p.l42-143©P.J .WilliansfC JcSH^'High Performance 
Buried Ridge DFB Lasers MDnolithically integrated 40 
with Butt Coupled Strip Loaded Pasive Waveguides 
for 0EIC" 

^mmmz vrnmrnw*, 2 ^<D^mmm^m-^m 8 
3 &o*8 4^sts2^7--iy<Dmmsmytr-('j u--* 
^07{c^3ftrt^-5>„ c©7-fvu-w, luf 
-j^te^»8 3 ©is 1 mm&ftmuft 8 9 ^snfc 
a#*- h 8 5 s^ss 2x?- vft&mm®sm&& s 

4©^S5^7"A9 2CC&-5ttl^^- r 8 6 

m 1 *B»Sltr£S8 3 ©aS&SSX 7" A 9 1 «|&2 &iK3g 

WRI^^8 40*l»«aBt^9 3«:«|«Sft. C© 50 
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itt^S 8 4(Di2 fl*8|5# 9 4 «m 2 #*JR#« 8 8- 
';>^3ftr^S. Cft4|H]*i{c, m 1 Xr--i><Dfti& 

mmmm^s s 3 ©m 2 attSHtitos 9 0 «. » 1 # 

&iR#M38 7-i&£3ftTl,>.2>. C©j67^VI/-*tt 
G a A s S«©±ffitCj&g3ft. foSXDBmmt 3 5* 
a> • ^-^©i|i?rWr-S. Cft<E>©3 5 >7Ul/ • jt- 

&<DWL<DmM&te> 2-o©e*e-r-5TE— t-rzojm 

t»r^63ft&l». BP%. *>b4>Te 0 *- F#fli&S 
*S^SK«I<^«C6«. W^ffi (forward) KfilSti 
TE,-t- F&tfTE.-*- FT 1 **. 
l/frLttrtift. CfttivjU^ • F (MM) 7 7 ^a- 

fm^^mn&e^ue^t. isw 5 £©«-?£> 

5„ C©«{CLT2-0©^i^M^SglS^S8 3. 8 4 
3fccttC7fc«Ri|£iMg 8 7.88 ^12?iJ"T -5 4 . <g«&T?;3fc 
iS^A^J^- r 8 5*^ffi^#- h 8 6-^W FT-5.^6 

eiS-rS^iiglP^rJD^^- h 8 6 ZftLX C<D%T A V 
U-£«Cj£P>ft£*i£tt. Cft6©^fi*«A^-K8 
5(cej03nSlii-tC*-C^«3ftS„ 

[0037] ftt&fttg.e {c*f-r ^«B^rS]©*s^*. bp 

^A^JsP- F 8 5^6ttl^!i<- h 8 6 —©tS^aft***, 

08{c^sftTt^ <> cfte©a'j^so-irm3:. ^©H 

a»®0T*n,.„ ff = 3. 4 1 86R0 c n J ..„ = 3. 42 

mmmicmxKsintc. c^^omffB. 3^tc© 

aKSI8fll9«. 2^7C«jStC^#L^L-rH?J!)Sff** 
m3?-f£C£{C<fcD&tf><E>ft;rc„ m^J^- h 8 6 Rtf A 
^3^<- h 8 5©M©iM^rS]©a&*»09tC7n$ft-C<,> 
■5. 08SO'09©7 ; -^*'6. ^J5 0%©J1@^©^ 
^fil$l:ft5 2Xf -■ J?g*»»fflB6T -4- V U - 5? 
5*. M*r&]"C«l 0H£r>^3l>l££*ft$£#'r&C 
r-fVU-*OlW) (strength) =£IB^|SlS 

7-fVl/-$«, ^4-5©T-YVL--^^^C>*tC2 

[0 038] HH*[SjtC]K-W^+^^^*?:«^^*J. 

vu- r ati* ; &H«£:A#<-rsc4ti. »ffl©» 

i$mmmmGmzmitcti&? sc4«: t i;oa)S3ft 

TJvis-$ZB)$.-?ZC£&m*:*>. ■ F 

^SSacJ f 2'' ©MM0 ; £ ; St54Xf-i?O7jl. 

?Mi*7^y^$msc, mftfa<mi$m 

tt^4 ur 4 i%-c*^*i. a»*iai«MS^a*tt» fc 
->fco. i 6%fcsf^3ns„ tae^-c. r-r vu- 

*<Dt&J)Um2 5 6-CibS. 3" ©#■&££ 0£WTS 
4 ^ 7— ^ © ^ttS^SS^T -T V U - f « , 
6 2 5©T-i 

[0039 ] *^©i>C©SeS6WI«, U > ^ • U 
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[oo4o] y >^ • u-tf • ^tt'f^i, ^-sis 

ttfi^JBO* * fc'r* ^ ©*J«rt (ca^tifc^ - * * - 
"CiBHShfeNd : YAGU-lf • Uv F\ &tf A/2 

Applied PhysicsLetters, Vol.21, No. 6, Septembe 10 
r 1972, pp.265-266CDA.R.Clobes^Cj:^|&^: M Sinqle- 
Frequency Travel i ng-Wave Nd : YAG Laser" iCjjk 3 tiX I * 

[0 04 1 ] ia¥©#»»S«©«JRtc J: t> , y >^ • 

r*7httr*7rtfy-^o-*«*l/-f • ^ 20 
* - F fc o I >T ©PBS**** L/cCifcJ: OoJtBi^-o 
fc. CflKiW^tf. IEEE Journal of Quantum Electron 
ics, V6127, 1991©P.Vettiqer^CCcfcSi(l:£"Full Wafe 
r Technoloqy-A New Approach to Large-Scale Laser f 
abri cation andInteqration"CC7r^2tl~C^S« 
[0 04 2] fflAIS^*St S» 1 f 7 

"fe v F " y Zsi? ' ' $-4 Ftt. Applied Phys 

ics Letters, Vol.59, No. 12, September 1991, pp.139 
5-1397CDA.Behfar-Rao^JCcfc ^l^^: M Etched-Facet AlGa 
As Trianqular-shaped RingLaser With Output Couplin 30 

[0 04 3] 01 otcmWte^snrusc©y>y 
su^jKU-r^xy^sn^^T^y f i o 1 , 102s 

FXVH9K l 0 0 **tr*. 2oosc»R:SWSrrtv 
fdfStrSv;]/**- F©3fc»l 0 4M1 0 5tt. C 
<D#igSSrt£ittf U $*«:7 7t^hl01M102 
«c<fc*)*5S*3<a*UrirH7T-fey F 1 0 3tc*5(,>T 

6007OP- ^-£T*9^0T^K©ifikM$4 
OW^n * y-£r-£>£ 0 C©«fi©^J*tt. cn 
©v^^*-FB*aofiaBS (modal) ©raSJtttT* 
So CO«JS©flfe©^*J^«. ttb'f^ 1 0 OSCWS 
H©«{*©JB»¥fctt#br. EiiCciE&nfcBtfira 
« 1 0 4»# 1 0 5 tfimiCfifa 106S^107t+t 
fcTrw 1 OOWcfifiiSftSCira* (x*;u©/Bf/r 
r£K'J) . 

[0 0 4 4] fft©*sw*y>y • u-tf • y-f*-F 50 
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»P8BB3-404 8 0#te^3*rCC>S. S35f»y 
>^ • U — If • y^*-F©3WQtt]L»¥t2. 011 

-F12 01*. 3o©£St*T£x^3tt/c^- 1 
2 3RCJ c aP»S»rS»4#B©5 7- 1 2 4«#T& 

aws+^tr^-f 1 2 2«rwr*. coswjswrs^^ 

- 1 2 4 i^W-*ftfcH«r4*»©— W»3W** tr 

[0 04 5] C©**tr^* 1 2 2(D£±(Dft, 

1 2 4M«ftBM9^ 12 5, 16 ©SKHtfH 1 

2 5c^snrt»s. co*»#y>y • u-rtf • y-f* 

- F 1 2 0©»f¥*HCC»fBK:KWr44. SP^KSJ-T 

fr%<D\t)it<DS 0% (R=0. 5) £S£JT&£T 
So 1 0 0%^SSt-rs (R = 1) £K*fJI 1 

2 7 , ^^(c««» i 2 5&zfmm<om» (r = o > © 
jew^WB-c**. ^•y-p 1 ©B#n-^©A^iS©5 

0%#. SS*ftg&C^LC^A*ftS"C5 7- 1 2 4CCd: 
0.S«3nrP 1 /2a:«c4. t ©955^/2 teJ5B#if- 
;&fi«C««Lo-3W<5 0 P 1 ©»2©5 0%©ffl»*J* 
7-1 2 4£ifiiiLT:£J58t5 5- 1 2 7&Ccfc0J5W3 
P 1 /2©C©^©5 0Ktf;X{C3 7- 1 2 4 

©ftofurswstir, *^K^«gp^i 2 5^'cn 
©Sfias©7r-fe^ F^^uru-if^K^er^o c© 

^c«©^»7-«P 1 /4^$)So 
[0 046 ]^tt'r-fl 2 2rt&ffiCC2HT"r*A«7~ 
P 2 ©3fe^ (j£IR) 2 4rSB^W^Sit3 

cn©50% (p a /2) t*. cn*«siwf*iPj«c 

©^^l©5 0%«. G»*fil*^rcc5^- 1 2 4^: 

[0 04 7] tttf^iSKl 2 2^B53*iS#« 
©SP»P,/4», *«r^-f 1 2 2ttt»«cee«:*0* 

LrTfimH^nAicinR-r - p a / 2 ©*a©tttB 
wrscn6©3fe^©ma«, yom*^* h^. 

B©*4 tt LCC«to6'r+ * tfT" ^ S©ffl®CCS^^"C 

— mtteh~r, *f tr^-/^ts^?n4***. y> 

©^»^, UAWftRfl 2 5rt©HJ*^7-©^S3tS 

FflwtaatfffiaoBBtttt. 1 

2 2W©2^©Sl^cS*t^[aitcGSa-rs^©^- F 
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[oo48] *^(c^4 icmmmttm i 3&tjqa 1 4 
[0049] mzmmmtfLm\im2titckzicm&m.t$ 

(c. fie*jaftKD7T^'; -f — ^p- • u--y • 

filtC. TfeCD&IDCfe {confinement) . #tCjf:£[aj©BJ 
DCtfK*. ^^^^L>'^iCt6c#^£. IK. ffiffl 

7t7V -f — <P- • U— !f • ^-f*- F-CKKffifflS 

J: *> UWi ZMWfis U — if ©J^JKDAitofCiS 

tfJT***. • U-lf • ^-f F©**#J&tiljg 

B. SCH (»StW{C|BDC«?)-5^^a^) . DH 20 
- ^foii*) , GRIN-SCH (JS#?¥# 

DCH :/;U$ftTKDC&6*i;fc^T-ci1f 

John Wiley & Sonstt©" Phys i 
cs of Semiconductor Devic 
es" 1 9 8 l¥S£2Ji£©*:5&3as#U--?f • 24 * 

- f ommcm? &mc& ^xmmicmm ;* n-c u s „ 

±M<DD C H U-lf • ^-i*- Ft*. 3-P -w^ltm 30 
SIAP92810473. 1 lCjjk$tiX\,>2>„ 
[0 05 0] v — ; P — • U-lf • 2V:*- F 

ii5i«tc. ^hd&sm*. u— <r<Dis&mmcmmi, 
c 0«*t*mM»»E8S. y^aa»«B. mm 

xh';-, ^"jBttojiwRis. mib&^mmmm (bh>r 

6©Eo*5*Ell© (A) 7bS (H) COj^tvC 

[0051] y>y*«g»u— y - 2V*- F©y>y. 40 
afiKK* + tr^ ^ t*. 2 ■<*- FF*9-c^*5n.s.^*5* 

7r^j a -^p- - u— y • f©* + tr-r-* 

) ©SW*t*. * t'r- -f rtccgifrr -S U-1f)fc© 
^9-£&&5„ 50 
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[0 05 2] y >^igK^ttt-^B#©^^MS^g 

^sst s -5 -Ro'tg^-r S3t©-sp»** ♦ 
^ H^nte*- swasif** 5 ^ -£&M-r sea ? 

c© 3 7-^ji«^#sc tzmmctz ± ^tc^ 

[0053] *#l^©^4 QXttffitfH 1 3 RtfH 1 4 

tc^sivci**. mi 3H. 3^jg©^K+ + t^--f 

%Wr-5*5»»U— tf • 2 A *- F 1 4 0©«iBS^Ji 

aa-c**., c©@©'j>y- u--tf©±+*fT-v^ 

t*. ttitffJiCtt3 0 0 5 2P> • y-jfacfi 0 0 0 3 
*P>y-2©P B Tr**9. £&ifS©Bfc©i@«:. ft^ffKC 
BrlDi&fcetl^-UTtf-f F^n-S-^#«gRcX« (tran 
sversal ) F tt£fi#3" S „ C ©USSt^-C ± ^ * 
tf^-fgi*^l6 0 0 3 i?P> • y-^-C&D^UTift© 
(B«3 5 i»P> • jt-Z-C&Z. aKRR^ + tr^vtt. 

u-if • ^-<^-F©^©±ffitc^g3nfc^^ig 

SSfllSl 4 4tCj;f3fR^?tiS. 13 1 Rc^H 2 tGKKjn 
L/cJ:^(C. XlflB©^Ba3-4 04 8 0#tC^3n 
■Cl>-5«t^(C. 2o©3^-- 7r^7 h 1 42RCX1 
4 3*i. jg^?#^i,.^>y-rscitCJ:0^?S« 
i»l 44©n-^-tc^^n-5.„ c©>;>^-u— tf 
1 4 0©7O>h • 7 T t ? H 4 It*. ^tciOJ^ 

■7r-i2"j FKS5-WSA*fHlKt*. 01 3iC7jk^h^>n 
&l3K.mZmi,l\ 7D>h7 7 trH4 1©Sit 
^tt. Applied Physics letters, Vol. 59, No. 12 Septe 
mber 1991, pp.l395-1397©A. Behfar-Rad^CC J: £ 
Etched-Facet AlGaAs Tri angl ar-Shaped Ring +aers Wi 
th Output Couplinq"{C7S$tlTti€> J: ^KC©ftK/3 

+ K7 i -(Jt^3n&<w. cn«stt*^©«^> 

Jfr»=>ii-2>C ±#m*-S (A.Behfar-Rad©I§I5 ) „ ftS(3 
t*2 5' £t)b'b${,>C£1)m$il,t<K 

[0054] &*mwj:fti&mmw8&m&& 1 4 5 
(R»D?^ig 1 4 6 zmi&ffimjcT 4 v u - ^ «. « 

i&SS'JU^l 44rttc#A5nr. SB#fr*l^tclIfe-r 

igSSH2^-> 3 >(CJ;i5^ly< (*/>* > F +" -t- y*«il>-r 
•5 -f +>SAtc J: D *i ^ S*©JR^© 1 4 6 1*. 
««@»lttK&Mi^» 1 4 5 ©— o©»ttSSgp^©-«ic 
gA^ti. -€-©^3 ftfl5©^K 1 4 49ftC*g^3*iS 
7t©ASP^». SWSti-rtCflkJRStir. «fW-*lSHC@ 
feU-Ct^^{C[6]*^-CM$n-5Cit*iit^ C©y 

§m®3$&£% 1 4 5 «rjijSU)t^©SB#H-^|filtC{i^ 

-ra^is©/-*?-. R^iis^isssrt©^ - '?-^^ 
ftseww^iL/T^t-r^ci^iai 5tc^snr^ 
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•5 (hi 5 "C. omt, ft{&gLzmMLtcmcv>yf*i 

[00 5 5] mi 3<DMA-AlCiQ-?xm?>tltc&iWm 

wmi 4tc^3n-ru-s,, mi 4*6^<e.^&j:^cc. 

Ix-1f • 2V*- F 1 4 0«i«l 4 7«D_h®CC05S3 
ft& 0 

[0056] mtf?£t!&i. -OOl^fK#pgl 
< «^StCD«^^W#FT*Srg14^ 1 4 9*1. ± 
KIB 1 5 ORCX 1 5 1 ©RSJ&CtlfeiA 
$ft-CC>£„ SRI 4 4&<y t l 5 5«. >7»KS150 
<0_hHftI2g3tt?{:5'5? FJf 1 5 4 £x 

4<omm&w$.mt\*. mmm 1 5 3 k ^ ottat^ft 

^OX^^7^-fe*-^3>jfl 5 2#CCDSRl 4 4/cW 

> 1 4 8 (*S« 1 4 7 caJdSSftS. 3*l^iKg8*£ttf 
gl 4 5 ©#&8g<DSiU 5 5«±iB^2-7-f-fe?->'3> 
1 5 2 tc <fc <p ?gft ftf . tot. C ft<DTffiiJ<Dr£1£l 1 

4 9©SP#rU-1f&mJ£C&l.>. ^jjggS^ttgP^ 1 

5 5«, CCKlIiWSAStl&l^t, CCCCA0& 

[0057] mmmm£ t )'t>*zKmm&i>— tf ■ 

*- K£.£l 4 5 2CCEPfl03.ft.5i, + + 

^ 1 4 4F«9-CU— tfSSf^SOSo ^lt^(Sj{C[i||g-rS 

a^«Kt3a«RSft-r«cittT-r kksh-^cc 
if^-r6*js«i^«3n-c^{cffl)$i]$n5. suss-* 

l'-^«CJ;SJSB#tf-^(ca?ST-57fejg©«I*IJ«. CCD 

ft5. 

[0 05 8] i>i)**JVftmm*>2 5' tc3S^A»*ftS 
■/ — &n- • u -incite L-re< . Se-?t£<*W&* 

(**»«tc*»ir»'ct*si«fwnsi{cia«Kr«* 
>y • u-if • 2V*- Kco*Hi^«««#-ia^-r 

mtwmzk*m? 1 5 stcjup 
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B£* 5 ft S * fc' - A 3 n-C S££[6Kc HIST 
tCjMOKSft-SCi^Rftih-rS. tft«. iljg3ftfcl> 
t-AKfS^g?:^i§„ -e©fflE&«. fl!#fa«:H 
«T £ t* - A WtcHse $ ft fcffit BNfluPtt 6 r-& 

^£ftftl>:ft$£W«LTffi#fc*-A©;*-'< ; j7 F;14$ 

mzmp-rz. ymmmsL 1 4 6»«B§$ft^ 

[0 05 9] #lfel?!©ffe©Jlife0l|#0 1 6 K.tHS ft. C 

<Dmit3nm<Dv>^ • u--tf 1 7oomit?*s. 

10 C©U-1f • ^-f*- F 1 7 0«. Cft#30©iy 
3ftfc5 ?'--7t*»H7 1-1 73S^7a> F 
- Vr-by hi 7 1 ?C^<CDl£lfe>ft/cffiSP-fe*>'3> 
1 7 8 SrWT £ 3 ft^<DBR§tf^SS* ttf^l744 
^trc£&cJ:9#$rW*.ft£. ccDigj£S8«:S7- • 
7r*»H71-173 iitK«^tc^^KDji 
J?), #>< IT • U-tf • * + f 7^ SrJWSTS. 

J£tf 6ft/ciS3fl-fe i' a > 1 7 8 «. SP;9-&8* Ll^iPnff 
©7P>h - 7 7 -fe7 H 7 1 ©^ffltt^KB-r 
ScffiJBSftS., X7?3h&^--7Tt7hMS 

20 f3M¥«Mft57T*7 KCO(,>T©f£*£B«. 
3-D y^ftttME P-A 0. 3 6 3. 5 4 
EP-A 0. 402. 5 5 6tC-€-n-?-ftm^n-CC» 
-5. »4<DJUSWiH«(C. ^SSS^T-f VU-5r 1 
7 6«. [^CS^l 7 7JiCcaS^t3n-C. JSB^tt^lSl 

VU-5rl7 65i. ^igl!©^8§**^«:^*. -£ b 
•CCftCD^SP^l 7 5«CCtCAS^iS«r?£<eRiR-r 
•5. 7feS?€r^TSCCD^eg|5^1 7 5CDSP^«. I©*? 

*5I!(f3ftWf.ftffS„ 

[0 06 0] ±IB*^©-^4ffll*)J-r€»C iK J: 0 . ^ 

y > y • *- K<D¥5g# • u— if • 

-K4^D^„ CCDU>^ • Ktt/#JtR«95 1 7 9 
icJ;i)iJhti,^J:«70> h • 7rt-; h 1 7 1 
(cfcu-c <) >y^fc*S-^$ftSo 
40 [0 06 1 ] ^©77-fey h 1 7 25^1 7 3(Ji«: 
i-7^>y^-5Ci{Cj:0Jf^Sft. 3ft^-C*>^^ 

titers? L h CtHtiUmvfj:^. 

[0062] m^tb Mi<D£ *> t£fe<Di&o>mm&ti^i 

[0063] 
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im2] mt®to<D&tmm&&te&&<D±wm-e*> 
im 3 ] *§m<Dn i mmmcft ^ims*? ■< v u 

-*©tP8iflfc±ffi0-e*S„ 
[14] SftMCD^SSSU-lf^'f^- FiftKiBftJbtc 
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■SS£*0'J>y • U— if • aJ"-~ K©±fflBK?*&. 
[112111 KDU-- if • ^-f a|— F©PMf£*VT0 

[0i3] ^^©^4©ni6^(cse^maft3nfc® 

S8f§M#T-Yvu-#*W-fS3#^©';>y • U-lf 



t>";i/» fK^snfc^ssM^TWvu-f*^ io [0i4] 01 3©i8A-AK:?&- J fc'.;>y- 1 — if 



[05] H4©*A-Afc»-*T»6ftfc#*ffl©*iS 

^^s§©i£*ftfS0-c-*£. 
[07] *m}<Dm3<Dmi&micm5 2^-y©-^ 

[08] 07O2^f-i?O3lcT-f V 3?©Jlfi^[6jtC 

[09] 07©2^f"-> ! ©3tT-<VU-*©^|6l{C 
£«3ft4"*C/-*W>iRf*IS <<9 ^tit* 

[0io] fie*©3ft«©^aggs©wrsy>^- u-* 



F©Srffi0-e&-5. 

[015] #«ftg0tc*f-rs, nmztiK^ytwstzf 
[016] xmrnvmscomMMicftsmmitztitcm 

[flHtosftgj] 
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